. Figure 1E ). Di-glutathionylation of the protein occurs at a much lower rate. (B) Rapid mono-glutathionylation of SAMHD1 is abolished by the C522S mutation. (C,D) The C350S and C341S mutants display an enhanced di-glutathionylation rate. This observation supports existence of the C350-C341 disulfide. When one of the disulfide partners is mutated to serine, the reactivity of the other disulfide partner with glutathione is enhanced and becomes comparable to redox reactivity of C522. The effect of the C522S mutation on S-glutathionylation of SAMHD1 in U937 cells was investigated using the same method as in Figure 1G . The observed reduction in C522S glutathionylation is in agreement with the in-vitro glutathionylation experiments shown in Figure S2 . Presence of multiple redoxactive cysteines in SAMHD1, inherent lability of protein S-glutathionylation and the inability to measure reactivity of specific cysteine residues, limit the utility of WB-based detection of SAMHD1 glutathionylation in cells. In contrast, measurement of SAMHD1 glutathionylation rates and stoichiometries in vitro, as is shown in Figure S2 , offer an excellent experimental tool for studies of cysteine redox reactivity. Oligomerization of SAMHD1 variants tested by co-immunoprecipitation as previously described (BrandarizNunez et al., 2013) . Briefly, human 293 T cells were co-transfected with a plasmid expressing wild type SAMHD1-HA and a plasmid expressing wild type or mutant SAMHD1-FLAG proteins. Protein expression was analyzed by Western blotting using anti-HA and anti-FLAG antibodies (Input). Lysates were immunoprecipitated by using anti-FLAG agarose beads and analyzed by Western blotting using anti-HA and anti-FLAG antibodies (IP). As control, we used the SAMHD1 variant Y146S/Y154S, which is defective in its ability to oligomerize (Brandariz-Nunez et al., 2013) .
SUPPLEMENTAL EXPERIMENTAL PROCEDURES
Quantification of SAMHD1 S-glutathionylation by intact-mass mass spectrometry S-glutathionylation of SAMHD1 ( Figure 1ABCDEF , Figure 2F and Figure S2 ) was monitored by intact-mass analysis on an Agilent model 6224 ESI-TOF mass spectrometer used in conjunction with an Agilent 1260 Infinity binary pump HPLC system. The proteins were incubated with 5 mM oxidized glutathione (Acros Organics) at room temperature for variable periods of time as specified in Results and then transferred to 1% aqueous acetic acid prior to on-line separation on a C8 column and ESI-TOF/MS analysis. The mass spectra were process by Agilent MassHunter Workstation software (vB.06.00) with deconvolution by the Maximum Entropy algorithm.
Identification of redox-active cysteines by LC-MS/MS
We used a mass spectrometry approach for quantitative analysis of the oxidative state of SAMHD1 cysteines.
The strategy relied on the inability of disulfide-linked cysteines to be irreversibly modified by iodoacetamide (Figure 2A ). Proteins were first incubated with 5 mM oxidized glutathione for 30 minutes. Samples were then buffer-exchanged using a Zeba desalting spin column (ThermoFisher) into 100 mM ammonium bicarbonate buffer. Protein was denatured by addition of 7 M guanidinium hydrochloride. Protein denaturation was needed to ensure that all reduced cysteines were solvent accessible and modified by iodoacetamide irrespective of their location in the folded protein structure. Free thiols were then alkylated by 1-hr incubation with 10 mM of natural isotopic abundance iodoacetamide ("light"). Only disulfide-linked cysteines remained unmodified during this treatment. Excess iodoacetamide was removed by buffer exchange and disulfide-linked thiols were reduced by 1-hr incubation with 25 mM DTT. Excess DTT was removed by buffer exchange and the protein was treated for 1 hr with 10 mM of "heavy" iodoacetamide (Iodoacetamide-13 C 2 , 2-d 2 ; Sigma-Aldrich 721328).
Samples were then digested overnight with trypsin or chymotrypsin and peptides analyzed by capillary HPLS-ESI-tandem MS on a Thermo Fisher LTQ Orbitrap Velos Pro used in conjuntion with a Sciex/Eksigent NanoLC-Ultra 2-D HPLC system. Data processing was by Mascot (v2.5.1; Matrix Science) and Scaffold (v4.3.2; Proteome Software), using thresholds of 95% peptide and 99.0% proteins in Scaffold. Masses of cysteine-containing peptides displayed 4 Da difference depending on whether the cysteines were modified during the first or the second iodoacetamide treatment. The ratios of "light" and "heavy" forms of each carbamidomethylated peptide were quantified using Progenesis LCMS (Nonlinear Dynamics/Waters). Based on these abundance ratios all cysteine-containing peptides could be clearly separated into two distinct classes:
peptides predominantly modified with the natural-abundance carbamidomethyl group and peptides predominantly modified with the heavy variant ( Figure 2D ).
Analytical ultracentrifugation
SAMHD1 samples (5 μM) were prepared for analytical ultracentrifugation (AUC) in a buffer containing 50 mM TRIS, 50 mM NaCl, 5 mm MgCl 2 and 1 mM DTT at pH 8, with or without nucleotides (10 μM GTP and 50 μM dATP). AUC studies were performed on catalytically inactive D311A mutants of SAMHD1, with or without additional cysteine mutations. A total of four samples were analyzed: D311A, D311A/C341S, D311A/D350S
and D311A/C522S. Sedimentation velocity datasets were acquired in intensity mode at 280 nm for 450 μl 5 μM SAMHD1 samples at 45,000 rpm and 20°C in a Beckman Optima XLA-1 centrifuge equipped with an eighthole An50-Ti rotor. The data were processed and analyzed using Ultrascan III software (Demeler and Gorbet, 2016) . The two-dimensional spectrum analysis was used to perform a grid search over user-defined ranges of sedimentation rate and anisotropy to solve a system of Lamm equations which then yields simulated absorbances that are fitted against measured absorbances, simultaneously subtracting time and radially invariant noise from the data (Brookes et al., 2010) . Sedimentation velocity results were analyzed by two distinct methods presented in Figure 4CD . Figure 4C shows the model-independent graphical van HoldeWeischet analysis of the data van Holde, 2004, Bhattacharya et al., 2016) . Figure 4D shows relative abundance vs. sedimentation coefficient plots obtained by performing a parametrically constrained 2D grid search procedure using the NNLS algorithm in Ultrascan III with 100 Monte Carlo iterations (Gorbet et al., 2014) .
Analysis of T592 phosphorylation in SAMHD1

